dehydration, treatment of gastroenteritis, dysentery, stomach pain, diabetes mellitus, and wounds. It has antioxidant and anti-inflammatory properties. [5] [6] [7] Guava leaves contain phenolic compounds and flavonoids with high antioxidant activity. Main active substances in guava leaves are garlic acid, caffeic acid, guaijaverin, tannins, carotenoids, and triterpenoids. [7] According to Mittal et al. , [8] phytochemicals in leaves of guava include α-pinene, b-pinene, limonene, menthol, terpinyl acetate, isopropyl alcohol, longicyclene, caryophyllene, b-bisabolene, caryophyllene oxide, b-copanene, farnesene, humulene, selinene, and guayavolicacids, cineol, quercetin, 3-L-4-4-arabinofuranoside (avicularin) and its 3-L-4-pyranoside (Essential oil), resin, tannin, and eugenol.
Ibuprofen is a nonsteroidal anti-inflammatory drug. It acts by reducing hormones that cause inflammation and pain in the body. Ibuprofen is used to reduce fever and treat pain or inflammation caused by many conditions such as headache, toothache, back pain, arthritis, menstrual cramps, or minor injury because the tablet possesses analgesic and antipyretic activities. The adverse reactions include peptic ulcer or perforation, bleeding, vision disorders, nausea, epigastric pain, heartburn, dizziness, rash (discontinue if occurs), edema, renal papillary necrosis, jaundice, and hepatitis. [9] This work was therefore designed to evaluate the tumor necrosis factor alpha (TNFα), IL-4, IL-6, aspartate aminotransferase (AST), and alanine aminotransferase (ALT) in rabbits overdosed with ibuprofen and supplemented with guava leaf (Psidium guajava) extract. 
methods

Study area
Study population
Fifteen rabbits were purchased from Owo through the Department of Biological Sciences, Achievers University, Owo, Nigeria. Rabbits purchased were identified and confirmed having the same sex (male). Before performing the experiment, ethical clearance was obtained from the biomedical research and ethical committee of the Department of Biological Sciences, Achievers University, Owo, Nigeria, and was carried out in strict compliance with the guidelines for the care and use of animals for research which is in line with that said by the World Health Organization.
Sample size
Fifteen apparently healthy rabbits were bought and classified into three groups of 5 rabbits each. Body weight of animals before and after the experiment was measured using weighing balance.
Study design
Experimental and observational study involves 15 rabbits divided into three groups:
Control group
Group A: Five rabbits fed with normal meal and water throughout the period of the research (normal control).
Experimental groups
Group B: Five rabbits fed with normal meal and overdosed with 1600 mg/kgBW of ibuprofen for 7 days and were treated with 400 mg/KgBW of methanolic extracts of guava leaf for 14 days.
Group C: Five rabbits fed with normal meal and overdosed with 1600 mg/kgBW of ibuprofen for 7 days and were treated with 400 mg/KgBW of aqueous extracts of guava leaf for 14 days.
Blood sampling
Group A: Five milliliters of blood sample was collected from the vein lining the ear of all the five rabbits into lithium heparinized bottles feeding with normal meal and water (normal meal) after 14 days. Each of their weight was documented.
Group B: Five milliliters of blood sample was collected from the vein lining the ear of each rabbit into lithium heparinized bottle after 7 days following the administration of 1600 mg/ kgBW of ibuprofen. Five milliliters of blood sample was collected into lithium heparinized bottle from each of the five rabbits after 14 days of treatment with 400 ml/KgBW methanolic extracts of guava leaf. Each of their weight was documented.
Group C: Five milliliters of blood sample was collected from the vein lining the ear of each rabbit into lithium heparinized bottle after 7 days following the administration of 1600 mg/ kgBW of ibuprofen. Five milliliters of blood sample was collected into lithium heparinized bottle from each of the rabbits after 14 days of treatment with 400 ml/KgBW aqueous extracts of guava leaf. Each of their weight was documented.
Treatment of normal control and experimental rabbits Control group
Experimental group
Preparation of guava leaf extract
The fresh and tender local guava leaf was collected and presented to the Department of Biological Sciences, Achievers University, Owo, for confirmation and certification.
The leaves were then dried in a shade under room temperature for 14 days and then crushed into coarse powdery substance using electric grinder. The coarse powdery substance was then dried again and sieved to get fine powder using fine plastic sieve.
Extract preparation
Fifty grams of the sieved powder was weighed accurately and subjected to extraction at room temperature using 350 ml methanol and distilled water separately. The extracts obtained were filtered, concentrated after dryness in an evaporator maintained at 45°C.
Preparation of ibuprofen powder
Ibuprofen tablets were purchased and grinded into powder using laboratory pestle and mortal.
Blood sample preparation
Whole blood samples collected from the veins lining the ear of each of the rabbit were collected in lithium-heparinized tubes. The blood sample was spun using bench/macrocentrifuge for the extraction of the plasma.
Estimation of blood parameters Pro inflammatory (tumor necrosis factor alpha (TNFα) and anti-inflammatory (interleukin-4 and interleukin-6) cytokines
Tissue necrotic factor-alpha enzyme-linked immunosorbent assay
Plasma TNF-alpha was analyzed using Abcam's kit. Abcam's TNF-alpha human in vitro enzyme-linked immunosorbent assay (ELISA) kit is designed for the quantitative measurement of TNF-alpha in supernatants, buffered solutions, serum, and plasma samples.
A monoclonal antibody-specific TNF-alpha has been coated onto the wells of the microtiter strips provided. Samples, including standards of known TNF-alpha concentrations, control specimens, or unknowns are pipetted into these wells.
During the first incubation, the standards or samples and a biotinylated monoclonal antibody specific for TNF-alpha are simultaneously incubated. After washing, the enzyme streptavidin-Horseradish Peroxidase (HRP) that binds the biotinylated antibody is added, incubated, and washed. A TMB substrate solution is added which acts on the bound enzyme to induce a colored reaction product. The intensity of this colored product is directly proportional to the concentration of TNF-alpha present in the samples.
Interleukin-4 and 6 enzyme-linked immunosorbent assay
Abcam's IL-4 Human ELISA kit is an in vitro enzyme-linked immunosorbent assay for the quantitative measurement of human IL-4 in serum, plasma, and cell culture supernatants.
This assay employs an antibody specific for human IL-4 coated on a 96-well plate. Standards and samples are pipette into the wells and IL-4 present in a sample is bound to the wells by the immobilized antibody. The wells are washed and biotinylated anti-human IL-4 antibody is added. After washing away unbound biotinylated antibody, HRP-conjugated streptavidin is pipetted to the wells. The wells are again washed, a TMB substrate solution is added to the wells and color develops in proportion to the amount of IL-4 bound. The stop solution changes the color from blue to yellow and the intensity of the color is measured at 450 nm.
Aspartate aminotransferase assay
The aminotransferase are a group of enzymes that catalyze the interconversions of amino acids by transfer of amino groups. AST or glutamate oxaloacetate transaminase has been found in the cytoplasm and the mitochondria of cells. In cases of mild tissue damage, for example, liver the predominant form of serum AST is that from the cytoplasm, with a smaller amount coming from the mitochondria. Severe tissue damage will result in more mitochondria enzyme being released. Elevated levels of AST can signal myocardial infarction, hepatic disease, muscular dystrophy, and organ damage. [11] • Method: Colorimetric method (Reitman and Frankel)
• Principle: AST is measured by monitoring the concentration of oxaloacetate hydrazone formed with 2,4-dinitrophenyl-hydrazine.
Alanine aminotransferase assay (Berger, 2006) ALT belongs to a group of enzymes called aminotransferases. The enzyme ALT been found to be in highest concentrations in the liver, with decreasing concentrations found in the kidneys, heart, skeletal muscle, pancreas, spleen, and lung tissue, respectively. ALT measurements are used in the diagnosis and treatment of certain liver diseases (e.g., viral hepatitis and cirrhosis) and heart diseases.
It is often tested in combinations with AST as part of a liver panel with ALT levels being higher in most types of liver disease.
Principle
ALT catalyzes the transamination of L-alanine to α-ketoglutarate, forming L-glutamate and pyruvate. The pyruvate formed is reduced to lactate by lactate dehydrogenase with simultaneous oxidation of reduced nicotinamide-adenine dinucleotide. The change in absorbance is directly proportional to ALT activity and is measured using a bichromatic (340,700 nm) rate technique. 
Method of data analysis
results
The result obtained showed a significant increase in the plasma value of TNF-α, IL-4, IL-6, ALT, and AST in rabbits induced with 1600 mg/kgBW of ibuprofen per oral fed with normal meal for 7 days (Group B1 and C1) compared with normal rabbits fed with normal meal and water only (Group A) (P < 0.05) [ Tables 1, 2 and Figure 1 ].
There was a significant decrease in the plasma value of TNF-α, IL-4, IL-6, and AST in rabbits given 400 ml/KgBW of guava leaf extract daily for 14 days after 7 days of postibuprofen administration (Group B2 and C2) compared to when the rabbits were given 1600 mg/kgBW of ibuprofen per oral with normal meal and water observed for 7 days (B1 and C1) (P < 0.05) [ Tables 1, 2 and Figure 1 ].
However, there was no significant difference in the plasma value of ALT in rabbits given 400 ml/KgBW of guava leaf extract daily for 14 days after 7 days of postibuprofen administration (Group B2 and C2) compared to when the rabbits were given 1600 mg/kgBW of ibuprofen per oral with normal meal and water for 7 days (B1 and C1) (P > 0.05) [ Tables 1, 2 and Figure 1 ].
Furthermore, there was no significant difference in the plasma value of TNF-α, IL-4, IL-6, ALT, and AST in rabbits given 400 ml/KgBW of guava leaf methanolic extract daily for 14 days (B2) compared with groups given 400 ml/KgBW of guava leaf aqueous extract daily for 7 days after 7 days (C2) of postibuprofen administration (P > 0.05) [ Tables 1, 2 and Figure 1 ].
dIscussIon
This work has been used to reveal possible increase in plasma TNF-α, IL-4, IL-6, AST, and ALT in ibuprofen overdose and a decrease in the plasma value of the parameters following guava leaf extract supplementation.
The findings of this work showed the effectiveness of ibuprofen overdose at inducing toxicity as reflected by a significant increase in the plasma value of TNF-α, IL-4, IL-6, AST, and ALT. [11] Increase in plasma TNF-α could be associated with its physiological properties as TNF-alpha is produced by macrophages, broad variety of cell types including lymphoid The value of interleukin-4, interleukin-6, tumor necrosis factor alpha, aspartate aminotransferase, and alanine aminotransferase obtained in the rabbits cells, mast cells, endothelial cells, cardiac myocytes, adipose tissue, fibroblasts, and neurons. Large amounts of TNF-alpha are released upon inflammation due to toxicity. [12] It is involved in systemic inflammation and is one of the cytokines that make up the acute phase reaction. [12] [13] [14] [15] It has a number of physiological activities on different organ systems, generally together with IL-1 and IL-6. On the liver, it stimulates the acute phase response. [12] [13] [14] [15] Significantly higher TNF-α, IL-4, and IL-6 in Group B1 following overdose of ibuprofen could also be associated with pro-inflammatory activities of TNF-α which act to make disease worst by stimulating inflammatory process. [12] [13] [14] [15] Significant increase in plasma IL-4 and IL-6 could be associated with the anti-inflammatory activities of these cytokines to act against pro-inflammatory cytokines to reduce inflammation and promote healing.
There was a significant decrease in plasma TNF-α, IL-4, and IL-6 when the rabbits were supplemented with guava leaf extract after the overdose of ibuprofen. This could be associated with the excessive utilization of anti-inflammatory activities of IL-4 and IL-6 to stop inflammatory process including their activities against pro-inflammatory cytokine (TNF-α) thereby reducing the production of pro-inflammatory cytokines. In addition, significant decrease in plasma anti-inflammatory cytokine IL-4 and IL-6) could be associated with the immune regulatory process possibly aimed at reducing production of pro-inflammatory cytokine (TNF-α) to reduce inflammatory process and promote healing.
Reduction in plasma TNF-α after guava leaf extract supplementation could be due to possible pro-inflammatory reduction effect of guava leaf extract due to its phytochemical constituent such as the tannins, polyphenolic compounds, flavonoids, ellagic acid, triterpenoids, guiajaverin, quercetin, and other chemical compounds present in the P. guajava which are speculated to account for the observed anti-inflammatory of the plant's leaf extract. [16] [17] [18] Significant increase in plasma AST and ALT when the rabbits were given ibuprofen overdose could be attributed to hepatotoxicity effect of ibuprofen overdose which could cause liver dysfunction and damage. Raised AST and ALT were however reduced when the rabbits were supplemented with 400 mg/BKW of aqueous and methanolic leaf extract of guava leaf for 14 days. This is consistent with the report of Roy and Das [19] that in the acute liver damage induced by different hepatotoxins, P. guajava leaf methanolic and ethyl acetate extracts significantly reduced the elevated serum levels of AST, ALT, alkaline phosphatase, and bilirubin in carbon tetrachloride and paracetamol-induced hepatotoxicity. Meanwhile, P. guajava leaf aqueous extract significantly reduced the elevated serum levels of alkaline phosphatase, ALT, and bilirubin in carbon tetrachloride-induced hepatotoxicity. Histological examination of the liver tissues supported the hepatoprotection. Thus, the methanolic extract of leaves of P. guajava plant possesses better hepatoprotective activity compared to other extracts [19] which was also revealed in this work by the significant alterations in plasma levels of cytokines and liver enzymes as they are some of the indices of liver health and toxicity. [19] [20] [21] [22] [23] [24] conclusIon
The aqueous and methanolic extract of guava (P. guajava) leaf has been demonstrated to reduce ibuprofen-induced toxicity/inflammation as revealed by the biochemical alterations in the plasma values of TNF-α, IL-4, IL-6, AST, and ALT following ibuprofen overdose and supplementation with the guava leaf extract.
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